Summary. The gross composition of the testicular excurrent duct system of the rat was examined and compared along the length of the duct and with samples of testis, bladder and liver. Changes in composition with age were examined by analysing tissue from animals at postnatal ages of 19, 36, 48, 60, 90 and 120 The concentration of calcium and magnesium in the excurrent duct system was not significantly different from those levels found in the liver.
Introduction
It is well known that a number of processes take place during the passage of spermatozoa through the excurrent duct system (EDS) of the testis. These changes become manifest with the development of sperm motility and fertilizing capacity, but the manner of their accomplishment is not yet under¬ stood. It is apparent that the epididymis is dependent on androgens to maintain its proper function (Orgebin-Crist, 1973) , even to the extent of possessing a specific mechanism for concentrating androgens from fluid leaving the testis (French & Ritzén, 1973) .
Furthermore, the epididymis maintains a luminal fluid of a rather distinct character. This fluid has a low ionic strength, being particularly deficient in NaCl but with high levels of K+ (Crabo, 1965 ;  Levine & Marsh, 1971) . The low ionic strength seems to be compensated by the presence of high concentrations of some organic molecules, in particular carnitine and glycerylphosphorylcholine (GPC) (Dawson, Mann & White, 1957; Dawson & Rowlands, 1959; Marquis & Fritz, 1965; Brooks, Hamilton & Mallek, 1974) . Sialic acid has also been measured in high amounts in the epididymis (Fournier, 1966; Peyre & Laporte, 1966; Böse, Kar & Dasgupta, 1966; Rajalakshmi & Prasad, 1969) , and a number of enzymes, e.g. some glycosidases, are present at unusually high levels (Conchie & Mann, 1957; Conchie, Findlay & Lewy, 1959) .
As an adjunct to previous work concerning carnitine and GPC (Brooks et al, 1974) , the present study set out to examine the gross composition of the excurrent duct system. The work was aimed at studying the composition in two dimensions, firstly with respect to changes along the length of the duct, and secondly with respect to changes at any part of the duct system from the prepubertal state through puberty to the adult. In addition, analyses were made of testis, smooth muscle (bladder) and liver from adult animals in order to provide a further basis for comparison. (DD) . The location of the cuts to divide the tissue into these four regions has been described previously (Brooks et al, 1974 The fractionation of tissue components for phosphorus analysis was based on the procedure of Schmidt & Thannhauser (1945) incorporating some suggestions of Munro & Fleck (1966) .
The fractions representing acid-soluble material, lipids, RNA, and DNA were incinerated and assayed for phosphorus by the method of Chen, Toribara & Warner (1956) . The amounts of RNA, DNA and phospholipid were determined by multiplying the values for the phosphorus estimations by 10-6, 10-1, and 25 respectively. In addition, as a check for the phosphorus analysis, the RNA fraction was analysed for pentose (Drury, 1948) and the DNA fraction for deoxypentose (Giles & Myers, 1965) . A 20-ml aliquot from the lipid fraction was used for the determination of total lipid by gravimetric analysis after drying and partitioning by the method of Bligh & Dyer (1959) .
Glycogen was estimated in tissues from animals which were dissected under ether anaesthesia. As much fat as possible was dissected away without rupturing any major blood vessels. The segments of tissue were then rapidly excised and transferred to the extracting tube containing 0-5 ml 40% KOH at 100°C. The weights of samples of testis, liver and bladder were determined by difference in weight before and after addition of the tissue to the extraction tube. In the case of tissue from the EDS, weights were taken from the contralateral side which could be dissected at leisure and properly freed from fat before weighing. After digestion the tubes were cooled and 0-2 ml 2% Na2S04. added followed by 1-4 ml ethanol. After standing overnight at -20°C the tubes were centrifuged and the supernatant discarded. The precipitate was washed by resuspension in 0-5 ml 66 % ethanol and, after centrifugation and removal of the supernatant, the precipitate was dried under a stream of N2 at 45°C. The glycogen was then brought into solution by treatment with 1 ml 10% TCA and aliquots taken for analysis by the method of Scott & Melvin (1953) Polyamines were extracted by the method of Pegg, Lockwood & Williams-Ashman (1970) based on that of Raina (1963) . Spermine and spermidine were separated by electrophoresis on Whatman No. 1 at 300 V for 2 hr in 0-1 M-citrate adjusted to pH 3-5 with 1 M-NaOH. Spots were visualized with ninhydrin and the colour quantified after elution (Pegg et al, 1970) . Spermine and spermidine were also identified on similar electrophoretograms by staining with amido black (Raina, 1963 The values represent the Means+S.E.M. of four determinations in most instances. Significant differences (/><0 5) between adjacent means are indicated by an asterisk, although higher levels of significance were found between some means. DE+IS, ductuli efferentes plus initial segment; caput, caput epididymidis; cauda, cauda epididymidis; DD, ductus deferens.
The levels of calcium and magnesium in adult rat tissues are shown in Table 3 . An analysis of variance indicated that there were no significant differences between the tissues studied with respect to the concentration of these two metals.
The results of the determination of spermine and spermidine are also presented in Table 3 . Lowest levels of spermine were found in the caput (P<0-05) and the testis, cauda and caput all contained lower levels of spermine than the liver (P<0-001) which in turn had a considerably lower concentration than the prostate (P<0-001). The testis and cauda had a lower concentration of spermidine than the caput or liver (P<0001) whilst the concentration in the prostate was >xl0 that in any of the other tissues. Total polyamine was lowest in the testis and cauda; significantly higher levels were present in the caput, liver and prostate in that order (P<0-001). (jimol/g wet wt) (jtmol/g wet wt) (µ /g wet wt) The results represent the Means+S.E.M. of analyses from three rats. Total polyamine represents the sum of spermine and spermidine.
Discussion
An analysis of a tissue as a whole represents the mean of all the cell types and fluid spaces in the tissue. Although assessment by this type of analysis is limited, a useful comparison can be made between different segments of an organ and also between the same segment at different developmental stages. In addition to the EDS, adult testis, bladder and liver were also analysed for purposes of comparison and to act as a check that the analyses yielded results similar to those reported previously. For this purpose the analytical data collected for liver by Knox (1972) was particularly useful and the bladder was chosen as a tissue consisting principally of smooth muscle for comparison with the DD.
In general, the results of the analyses were similar to those of comparable previous studies (Schmidt & Thannhauser, 1945; Schneider, 1945; Warren, 1959; Scott, Dawson & Rowlands, 1963; Ewing, Means, Beames & Montgomery, 1966; Fournier, 1966; Peyre & Laporte, 1966; Rajalakshmi & Prasad, 1968 ,1969 ,1971 Kar et al, 1968; Johnson, 1970; Turner & Johnson, 1971 ; Knox, 1972; Riar, Setty & Kar, 1973) . The DNA levels were, however, slightly lower than those of previous reports (Fujii & Koyama, 1962; Desjardins, MacMillan & Hafs, 1968; Knox, 1972 (Hartree & Srivastava, 1965) and would contribute to sialic acid levels in the testis, spermatozoa do not enter the epididymis until puberty.
Determinations of calcium, magnesium and polyamines were made as a result of observations recorded during the isolation of separated epithelial cells from the epididymis (D. E. Brooks, un¬ published work) in which it was noted that crystals appeared during tissue digestion in a Ringerphosphate medium. It was first suspected that the crystals might be calcium phosphate but an analysis indicated that levels of calcium were not unusually high in the epididymis, although quite high levels have been reported in fluid from the cauda of the bull and boar (Crabo, 1965; Einarsson, 1971) . Nevertheless, the amount of calcium present would not have been sufficient to cause formation of insoluble calcium phosphate.
An additional possibility existed that the crystals were Boettcher's crystals of spermine phosphate (Mann, 1964) . The morphology of the crystals was similar to those photographed by Rosenheim (1924) . The prostatic secretion is the origin of spermine in human seminal plasma, and the rat prostate also contains high levels of spermine and spermidine (Rosenthal & Tabor, 1956 ). Determinations of spermine and spermidine in testis, liver and prostate confirmed the values reported by Rosenthal & Tabor (1956) . The levels in the epididymis were similar to testicular levels but considerably below those of the prostate. Epididymal spermatozoa are reported to contain spermidine, but not the enzymes necessary for its formation (Maclndoe & Turkington, 1973) , although the epididymis as a whole does contain these enzymes (Majumder, Maclndoe & Turkington, 1974 
